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© Degradable non-woven fabric and preparation process thereof. 

© A degradable non-woven fabric obtained from an web formed of lactic acid-base polymer filaments 
comprising of one or more lactic acid-base polymer selected from a poly (DL-lactic acid) having more than 80 
mo!% of L-lactic acid units, poly (DL-lactic acid) having more than 80 mol% of D-lactic acid units, L-lactic 
acid/hydroxycarboxylic acid copolymer having 70 mol% or more of L-lactic acid units, and D-lactic 
acid/hydroxycarboxylic acid copolymer having 70 mol% or more of D-lactic acid units, and a preparation process 
of the degradable non-woven fabric which has good dimensional stability and can be degraded and disappeared 
under natural environment when abandoned, are disclosed. 
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Background of the Invention and Related Art. 
1 Field of the Invention 

5 The present invention relates to a non-woven fabric and a preparation process thereof, and more 

particularly relates to a non-woven fabric which is obtained by bonding or intertwining an web of filaments 
comprising a lactic acid-base polymer having a specific composition and has excellent dimensional stability, 
and a preparation process of the non-woven fabric. 

w 2. Related Art of the Invention 

Non-woven fabrics are cloth like materials prepared without weaving or knitting More particularly, non- 
woven fabrics are cloth like materials prepared from webs, which are made by bulk phase fibrous materials 
and not yet bonded or intertwined, by bonding or intertwinning constituent filaments of the web and 
rs obtained without weaving or knitting. 

Conventionally, non-woven fabrics have widely used for garment inner lining, carpets and other 
materials industry. Filament materials which have been used for constituting non-woven fabrics are 
polyethylene, polypropylene and other polyolefines; polyethylene terephthalate (PET), polybutylene tereph- 
thalate and other aromatic polyesters; nylon-6, nylon-66, nylon-610 and other polyamides; and rayons and 
20 other cellulosics. Non-woven fabrics prepared from these polymers and preparation processes of these 
fabrics are disclosed, for example, in Japanese Laid-Open Patent SHO 59-88961 and 59-94660. 

These filament materials, however, are almost non-degradable in the natural environment or have a very 
low rate of degradation. Consequently, conventional non-woven fabrics prepared from these materials 
remain semi permanently in soil when buried after use, When abandoned in an ocean, these filament 
25 materials impair scenery or destruct living environment of marine organisms. Thus, disposal of these waste 
materials has caused serious social problems. 

Alternatively, when these materials are disposed by incineration, the global environment is destructed 
by evolution of toxic gases and action of these gases for accelerating corrosion of incinerators also leads to 
problems. 

30 On the other hand, non-woven fabrics have been developed by using filament materials which are 

prepared from polymers having bioabsorbability and hydrolyzabihty. 

For example, Japanese Laid-Open Patent SHO 63-95041 discloses a process for preparing mul- 
tifilaments by melt-spinning (or melt-extruding) bio-absorbable polymers such as polyglycolic acid and a 
glycolic acid/lactic acid copolymer, converting the multifilaments to a random web. preparing a non-woven 

35 fabric from the random web and using the non-woven fabric as a raw material of medical pre-jet. 

In the preparation example of said non-woven fabric, polyglycolic acid chips used have a reduced 
viscosity ( 7) sp/C) of 1.5 which is measured at 30 "C as a solution in a solvent mixture composed of 10 
parts of phenol and 7 parts of trichlorophenol. In the disclosed process, the chips were melt-spun at 245 
*C, stretched into filaments having 35 deniers per 12 filaments, heat-treated at 108 *C for 3 hours, 

40 fabricated into a tubular knit with a cylindrica! knitting machine, and needle punched after superimposing 
the resultant four knits to obtain a non-woven fabric having scarcely distinguishable stitches. 

One of the most common process presently used for manufacturing non-fabrics is a so-called spun 
bonding process. In the process, a polymer is melt-extruded to form filaments, the filaments are directly 
captured on a screen belt and converted to webs, and webs are hot pressed with a heat embossing roll to 

45 obtain a non-woven fabric. 

Following problems are encountered in the case of manufacturing non-woven fabrics in a large amount 
from polyglycolic acid by the spun bonding process. That is, polyglycolic acid filaments which are melt- 
extruded from an extruder are in an amorphous state having almost no crystalline portion. Sufficient 
crystallization cannot be progressed merely by capturing on a screen belt, converting to webs, and pressing 

so with a hot embossing roll. Further, crystallization of the polyglycolic acid filaments gradually progresses 
even at room temperature when allowed to stand for a long period in an amorphous state. Consequently, 
non-woven fabrics prepared from polyglycolic acid filaments by the spun bonding process leads to 
problems such as development of shrinks and wrinkles due to crystallization of polyglycolic acid during 
storage or in use. Further, polyglycolic acid has high rigidity and thus non-woven fabrics prepared from 

55 polyglycolic acid not always have high flexibility and are restricted in use. 

Polylactic acid is also used for degradable polymers similarly to polyglycolic acid. Non-woven fabrics 
prepared from polylactic acid have improved flexibility as compared with those prepared from polyglycolic 
acid. However, non-woven fabrics of polylactic acid also cause shrinks and wrinkles and lead to problems 
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Do- y.a .tab'*- so- j v. f;ia'r--:its ; a--.- 1 fr.jm poiyiactic acid have ••, ^ r .• a • For t^amp^-. Japanese 
Patent Publication SHU 4 1 '7:34 disclosed an absorbable surgical filament consisting of a lact.c acid 
polymer which has an inherent viscosity of 1.0 or more at 25 * C in a 0.1 wt 3 o benzene solution and has a 
monofilament shrinkage of 15 °o or less after immersing in water at 77 *C for 5 minutes. In practice, poly- 
(L-lactic acid) or poly(D-lactic acid) having the above inherent viscosity is melt-spun and heat-treated under 
tension at 60-150 "C for 0 5-5 minutes and successively cooled under tension to room temperature 1 fie 
filament thus obtained is described to have an excellent tensile strength and low shrinkage and to be 
suitable for surgical suture 

Poly(L-lactic acia) and poly(D-lactic acid) have high crystallinity and thus heat treatment is required in 
order to improve dimensional stability and tensile strength of the filaments obtained from these polymers 

On the other hand, non-woven fabrics do not require extremely high tensile strength and rather require 
excellent dimensional stability When the non-woven fabrics obtained from poly(L-!actic acid) or polyp- 
lactic acid) are heat-treated in order to improve dimensional stability, the filaments are not heated under 
one-dimensional tension as disclosed in Japanese Patent Publication SHO 41-2734, but must be heat- 
treated under two-dimensiona!ly uniform tension. As a result, the step becomes complex and must be 
unfavorably carried out in a large scale. Even if the non-woven fabrics are heat-treated under such 
technically complex conditions, problems of developing shrinks and wrinkles are inevitable and breakage of 
the non-woven fabric unfavorably takes place in some cases. 

Further, poly(L-iactic acid) and poly(D-lactic acid) have high crystallinity and are thus difficult to provide 
molded articles with flexibility by additional of plasticizers. 



Summary of the Invention 

The object of the invention is to provide a non-woven fabric which can be degraded and disappeared 
under natural environment when abandoned after use for a prescribed period and a preparation process of 
the non-woven fabric. 

Another object of the invention is to provide a non-woven fabric which has good dimensional stability 
and develops no shrinks, wrinkles or other deformation and a process for preparing the non-woven fabric 

That is, the aspect of the invention is a degradable non-woven fabric obtained from a web of filaments 
composed of a lactic acid-base polymer comprising one or more polymers (polymer A) selected from a 
poly(DL-lactic acid) having more than 80 moi% of L-lactic acid units, poly(DL-lactic acid) having more than 
80 mol% of D-lactic acid units. L-lactic acid/hydroxycarboxylic acid copolymer having 70 mol°/o or more of 
L- lactic acid units, and D-lacttc acid/hydroxycarboxylic acid copolymer having 70 mol% or more of D-lactic 
acid units, and a process for preparing the degradable non-woven fabric. 

Another aspect of the invention is a degradable non-woven fabric obtained from a web of lactic acid- 
base polymer filaments comprising a filament mixture of the filaments composed of the above polymer A 
and filaments composed of a low temperature thermoplastic lactic acid base polymer comprising one or 
more polymers (polymer B) selected from a poly(DL-lactic acid) filament having 1:4-4:1 in the mol ratio of 
L-lactic acid units to D-lactic acid units, DL-lactic acid/hydroxycarboxyl ic acid copolymer filament, L-lactic 
acid/hydroxycarboxylic acid copotymer filament having 30 mol% or more of hydroxycarboxyhc acid units, 
and D-lactic acid/hydroxycarboxylic acid copolymer filament having 30 mol% or more of hydroxycarbo *:ylic 
acid units, and a process for preparing the degradable non-woven fabric. 

Exemplary hydro>ycarbo<ylic acid includes glycoltc acid, hydroxybutync acid, hydroxyvaleric acid, 
hydroxypentanoic acid, hydroxycaproic acid and hydroxyheptanoic acid. Glycohc acid and hydroxycaproic 
acid are preferred. 

The degradable non-woven fabric of the invention can be obtained by spinning the lactic acid-oase 
polymer having a specific composition, successively forming the web and bonding or intertwining the web 
through, for example, thermal bonding, needle punching, stitch bonding, jet bonding or rosin bonding. 
Thermal bonding is preferred 

The degradable non-woven fabric prepared from the web composed of the lactic acid-base polymer 
having the specific composition of the invention can maintain a certain shape of the non-woven fabric for a 
prescribed period, has an excellent dimensional stability and is degraded under natural environment when 
abandoned after use Consequently, the non-woven fabric of the invention does not accumulate as a waste 
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Detailed Description of Preferred Embodiments 

The present invention will hereinafter be illustrated in detail. 

The molecular weight of the polymer in the invention is referred to the weight average molecular weight 

b unless otherwise noted. 

The lactic acid-base polymer which can be used as a filament material of the invention is poly(DL-lactic 
acid) having a specific amount of L-lactic acid units and D-lactic acid units as recurring units in the 
molecular structure, or a lactic acid/hydro<ycarboxylic acid copolymer having a specific amount of lactic 
acid units and other hydroxycarboxylic acid units as recurring units in the molecular structure. Poly(DL- 

w lactic acid) which can be used as a filament material in the invention is polylactic acid having L-lactic acid 
units and D- lactic acid units as recurring units in the molecular structure and differs in structure from poly- 
(L-lactic acid) consisting of L-lactic acid units alone or poly(D-lactic acid) consisting of D-lactic acid units 
alone. 

Exemplary polylactic acid includes poly(DL.-lactic acid) having more than 80 mo!% of L-lactic acid units. 

75 poly(DL-lactic acid) having more than 80 mol% of D-lactic acid units, and a mixture of these polylactic 
acids. Exemplary copolymers of lactic acid and other hydroxycarboxylic acid include an L-lactic 
acid/hydroxycarboxylic acid copolymer having 70 mol% or more of L-lactic acid units, D-lactic 
acid/hydroxycarboxylic acid copolymer having 70 mol% or more Of L-lactic acid units, D-lactic 
acid/hydroxycarboxylic acid copolymer having 70 mol% or more of D-lactic acid units, and a mixture of 

20 these copolymers. 

The lactic acid-base polymers having the above compositions have lower crystallinity and a 10-15 # C 
higher transition temperature from amorphous to crystalline state as compared with poly(L-lactic acid) 
consisting of L- lactic acid units alone and poly(D-lactic acid) consisting of D-lactic acid units alone. 
Consequently, the non-woven fabric prepared by melt-spinning the above lactic acid-base polymers can 

25 maintain initial dimensions for a long period without particularly complex operations such as heat treatment 
and annealing and does not deform by generating shrinks and wrinkles. However, additional heat treatment 
can provide crystallinity to a suitable extent and can enhance strength of the non-woven fabric while 
restricting the development of shrinks and wrinkles to a minimum. The lactic acid-base polymer having the 
above composition can be readily plasticized with a plasticizer and thus a non-woven fabric having high 

30 flexibility can be obtained with ease. Further, these polymers have a melting point and thus the filament of 
these polymers can be fused to each other by hot compression. Such property is suited for the material of 
non-woven fabric. 

The lactic acid-base polymer of the invention can be prepared by dehydrating polycondensation of L- 
lactic acid and D-lactic acid or DL-lactic acid, dehydrating copolycondensation of L-lactic acid, D-lactic acid 
35 or DL- lactic acid with other hydroxycarboxylic acid or ring-opening copolymerization of cyclic dimers of 
lactic acid such as L-lactide, D-lactide, or DL-lactide with cyclic monomers or dimers of other hydroxycar- 
boxylic acid. 

On carrying out the dehydrating polycondensation, the above lactic acid or the above lactic acid and 
other hydroxycarboxylic acid are azeotropically dehydrated preferably in the presence of an organic solvent, 
40 a phenyl ether base solvent in particular. The polycondensation is most preferably carried out by removing 
water from the azeotropically distilled solvent and returning the substantially anhydrous solvent to the 
reaction system. 

Exemplary hydroxycarboxylic acid which can be used as a comonomer of the above lactic 
acid/hydroxycarboxylic acid copolymer includes glycolic acid, hydroxybutyric acid, hydroxyvaleric acid, 

45 hydroxypentanoic acid, hydroxycaproic acid and hydroxyheptanoic acid. Preferred comonomers are glycolic 
acid and hydroxycaproic acid. As decrease of crystallinity to some extent is preferable, poly(DL-lactic acid) 
is prepared by mixing L-lactic acid with D-lactic acid in a specific ratio, using DL-lactic acid, or mixing L- 
lactic acid and/or D-lactic acid with DL-lactic acid in a specific ratio. 

Ring-opening polymerization is carried out by using L-lactide which is a cyclic diner of L-lactic acid, D- 

50 lactide which is a cyclic dimer of D-lactic acid. DL-lactide which is an equimolar mixture of L-lactide and D- 
lactide, meso-lactide which is a cyclic diner of DL-lactic acid, or a mixture of these lactides and cyclic ester 
of other hydroxycarboxylic acid. Exemplary cyclic esters of other hydroxycarboxylic acid include glycolide 
which is a dimer of glycolic acid, 0 -propiolactone, 0 -butyrolactone, 8 -valerolactone and e -caprolactone. 
Glycolide and * -caprolactone are preferred. Poly(DL-lactic acid) is prepared by mixing L-lactide with D 

55 -lactide in a specific ratio, using DL-lactide. or mixing L-lactide and/or D-lactide with DL-lactide in a specific 
ratio. 

In any polymerization process, monomer composition used is almost equal to the composition of 
polymer in order to obtain the lactic acid-base polymer having the above composition. For example, poly- 
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(l^-ki.:;.-. a.:idi na.i:: j b :• of l.-!a:t:_. aod unit can bo prepaid by carrying u ot dehydrating 

- . y , .< vnsatu. :; using a f tc ^K-mer n = or 80 mol c o of L-lactic ac;d and 20 mo! c o of D-laet:c acid, or 
using a monomer mixture of GO mo!°o uf L-lactic acid and 40 mol°o of DL-lactic acid (D L = 50 50) 

A similar polymer can bo obtained by carrying out ring-opening polymerization using L- : a:t ; de in place 
of L-lactic acid, D-lactide m place of D-lactic acid, and DL-lactide in place of DL-lactic acid, respectively. A 
L-lactic acid glycotic acid copolymer having 70 mol% of L -lact.c acid unit can be prepared by carrying out 
dehydrating polycondensat on using a monomer mixture composed of 70 mol°o of L-lact-c acid and 30 
mol°/o of glycohc acid A similar polymer can be obtained by carrying out ring-opening polymerization using 
L-lactide in place of L-lactic acid and glycoiide in place of glycolic acid, respectively. 

Poly(L-lactic acid) having 100 mol°/o ot L-lactic acid unit and poly(D-lactic acid) having 100 mol% of D- 
lactic acid unit have a melting point of about 180 *C and have a transition temperature (Tc) from an 
amorphous state to a crystal'me state of about 90 *C. 

A? for poly(DL-lactic acid) obtained by the above ring opening polymerization, the melting point lowers 
in the range of about 3-5 * C/% unit content and Tc rises in the range of 1-3 * C/% unit content 
accompanied by 0 to 20 % increase in the L-iactic acid unit or D-lactic acid unit. Surprisingly, poly(DL-lactic 
acid) obtained by above dehydrating polycondensation in particular is 10 -20 *C lower in the melting point 
and 10-15 *C higher in the transition temperature (Tc) from amorphous to crystal region as compared with 
poly(L-iactic acid) or po!y(D-lactic acid), even though the L-lactic acid unit is only about 1 % (D-lactic acid 
unit is about 99 %) or the D-lactic acid unit is only about 1 % (L-lactic acid unit is about 99 %), and attains 
to a maximum crystalimity of only 30-40 %. On the other hand, poly(L-lactic acid) and poly(D-lactic acid) 
attain a higher crystalimity of 50 -60 %. Consequently, non-woven fabric prepared from a poiy(DL-lactic 
acid) filament has good time-dependent dimensional stability without heat treatment. Further, the filament 
can enhance its strength by heat treatment and is thus suited for use in the preparation of non-woven fabric. 
Lactic acid base copolymers having the above compositions are the same as above. 

The proportion of the L-lactic acid unit to the D-lactic acid unit in poly(DL-iactic acid) can be 
determined, for e> ample, with a method using an enzyme. That is, poly(DL-lactic acid) is hydrolyzed by an 
aqueous alkali solution, and L-lactic acid in the resulting solution is successively subjected to the action of 
L-lactic acid dehydrogenase and nicotinamide adenine dinucleotide (hereinafter referred to as NAD). NADH 
which is a reduced form of NAD generates with the oxidation of lactic acid to pyruvic acid. The amount of 
L-lactic acid is determined by an absorbance analysts of NADH. The amount of D-lactic acid is similarly 
determined by action of D-lactic acid dehydrogenase and NAD. The ratio of L-lactic acid to D-lactic acid is 
calculated from these amounts. Additionally, it is confirmed that L-lactic acid itself does not cause 
racemization during hydrolysis in an aqueous alkali solution. The L-lactic acid unit or D-lactic acid unit in an 
lactic acid/hydroxycarboxylic acid copolymer can also be determined by the same method as above. 

No particular limitation is imposed upon the molecular weight of the lactic acid base polymer used for 
the degradable non-woven fabric of the invention. When the molecular weight is reduced, spinning becomes 
difficult or strength of resulting filament becomes lower even though spinning is possible. On the other 
hand, higher molecular weight lowers processing ability and spinning tends to be difficult. In view of these 
circumstances, molecular weight is preferably in the range of 10,000-1,000,000, more preferably in the 
range of 30,000-500.000 

The lactic acid base polymer which constitutes the degradable non-woven fabric of the invention can be 
hydrolyzed not only m water or soil, but also by atmospheric moisture. Consequently, hydrolysis is 
proceeded by atmospheric moisture or ram water even in the use period of the non-woven fabric. The rate 
of hydrolysis depends upon the molecular weight of polymer and the composition. The optimum molecular 
weight and the composition of the lactic acid-base polymer which is used for the non-woven fabric of the 
invention can be determined so as to meet the longest period of use in view of the hydrolysis data on the 
above range of the lactic acid-base polymer composition. 

According to the information of the present inventors, for example, the above poly (D-lactic acid) 
composition having a molecular weight of 150,000 or more is suited for the filament material when the use; 
period of non-woven fabric is 6 months or more. When the use period is about a month, preferred molecular 
weight of the above poly (DL-iactic acid) composition is 50,000 or more 

Known spinning processes can be applied to prepare a filament by spinning the raw materia-.. 
Processes which can bo applied are, for example, a melt spinning process which carries out molt spinning 
of the lactic acid-base polymer with an extruder, wet spinning process which dissolves the lactic acid-base 
polymer in a solvent anJ delivers the resulting solution from a nozzle into a poor solvent, and dry spinning 
process which delivers tne above solution from a nozzle into a dry gas. 

Exemplary solvents which can be used for the wet spinning process and dry spinning process include 
toluene, xylene, chloroform and methylene chloride Exemplary poor solvents used for the wet spinning 
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process include methanol, hexane and acetone. 

Melt spinning process can be carried out with a single screw extruder, twin screw extruder and other 
known extruders. When extrusion temperature is low, it is difficult to carry out stable extrusion operation and 
is liable to cause overload. On the other hand, high extrusion temperature leads to generation of violent 

5 thermal decomposition and results in molecular weight decrease, reduction of strength and color develop- 
ment In view of these side effects, extrusion temperature of the lactic acid-base polymer is preferably in 
the range of 100-280 • C, more preferably in the range of 130-250 *C. The diameter of extrusion nozzle is 
suitably determined in view of the required diameter of the filament, delivery rate of the extruder and take- 
up speed. The nozzle diameter is preferably 0.1-3.0 mm. 

w In any spinning process, stretching of a spun filament is not always needed. However, when stretching 

is carried out, the stretch ratio is usually 1.1-10 times, preferably 2-7 times. Stretching temperature 
depends upon the lactic acid-base polymer used and is in the range of 60 -210 *C. Preferred diameter of 
the filament is 0.5-40 deniers. Preferred length of the filament is 0.5-30 cm. 

A block of filaments called web is formed from the resulting filaments of the lactic acid-base polymer. 

75 The filaments are not yet bonded or intertwined each other in the state of web and thus web is not a non- 
woven fabric. No particular restriction is placed upon the preparation process of web. Known processes can 
be used and include, for example, a curd type process using a flat curd machine, a roller curd machine and 
a garnett machine; a melt blown process; and a spun bonding process which spins the lactic acid-base 
polymer while blowing high speed air to the outlet of the spinning nozzle and collects delivered filaments to 

20 form web on a perforated conveyor located perpendicularly to the direction of air flow. 

Known processes can be used for preparing the degradable non-woven fabric of the invention from the 
web of the filaments composed of the lactic acid-base polymer. Known processes include, for example, a 
needle punching process which intertwins the filaments by needle compression, stitch bonding process 
which interlocks the filaments with a thread, jet bonding process which interlocks the filaments with water 

25 jet, thermal bonding process which bonds the filaments by heating and resin bonding process which 
adheres the filaments by use of resin adhesive. 

In the present invention, bonding includes. bonding, punching, intertwining, interlocking or adhering by 

force or Jieat and/or by using of adh esive or thread. - — 

Preferred processes are below described processes (1) and (2). 

30 

(1) A process for compressing the web of filaments composed of the lactic acid-base polymer (polymer A) 
in a temperature range of more than 70 "C to less than melting point. 

The non-woven fabric obtained by the process has low deformation and shrinkage for a long period 
35 without particular heat treatment as mentioned above. However, heat treatment can be carried out in order 
to enhance strength of non-woven fabric. Heat treatment temperature is preferably 80- 140 *C. When the 
temperature is lower than 80 *C, sufficient crystallization is difficult to occur and the strength of the non- 
woven fabric cannot be improved. Treatment temperature exceeding 140 e C leads to softening or fusion of 
the non-woven fabric and thus deformation and rupture are unfavorably liable to occur. Particularly preferred 
40 temperature range is 90-130 *C. 

(2) A process for mixing primary web of filaments composed of lactic acid-base polymer (polymer A) with a 
prescribed proportion of web of filaments composed of a low temperature thermoplastic lactic acid-base 
polymer (polymer B) which melt or soften at temperature of 70 'C or less and compressing in the range of 

45 room temperature to 70 °C. 

The web of filaments composed of the lactic acid-base polymer which is preferably used for the above 
process (1) and the primary web of filaments composed of the lactic acid-base polymer which is preferably 
used for the above process (2) are prepared from filaments composed of one or more degradable lactic 
50 acid-base polymers (polymer A) selected from a poly(DL-lactic acid) having more than 80 mot% of L-lactic 
acid unit or D-lactic acid unit, L-lactic acid/hydroxycarboxylic acid polymer having 70 mol% or more of L- 
lactic acid unit, and D-lactic acid/hydroxycarboxylic acid copolymer having 70 mol% or more of D-lactic 
acid unit. 

In the above process (2), the primary web of filaments composed of the lactic acid-base polymer used 
55 in the process (1) is mixed with the web of filaments composed of a low temperature thermoplastic lactic 
acid-base polymer (polymer B) which melt or soften at temperature of 70 'C or less (hereinafter referred to 
as low temperature thermoplastic lactic acid-base polymer), the web of filaments composed of said low 
temperature thermoplastic lactic acid-base polymer is molten or softened in the temperature range of room 
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t- •^.p t .;.',:\.. - V > /*0 "C, ari-J :::•...■ ; r.rv.a:, AuL is aJhcrud e^-t'. Other 

t.-mpiary prcfe-r^-d wvL uf !„i:i,un:s Lump^s^d of tr.u- low temperature thermoplastic .act.-- a^j-base 
polymer which can be us- : t. >- !">: p:,-"oss comprises a main component which includes p^l , (DL-lactic 
acid) having 1:4-4.1 in the m.jl rat.o c: L-lactic acid unit to D-lactic acid unit. DL-lactic 
acid hydroxycarboxyhc acid copolymer having an arb-trary mol ratio of L-lactic . hydroxycarboxy lie acid 
copolymer having 30 mol c o or more ot hydroxyc ar bo> y he acid unit, Ldactic acid hydro.* ycarboxyhc acid 
unit, and a mixture thereof 

The DL-lactic acid hydrox /car bo> ylic acid copolymer and the L- or D-lactic acid hydroxycar boxylic acid 
copolymer having 30 mol c o or more of hydr oxy carbox yhc acid unit are preferably copolymers of DL-lactic 
acid. L-lactic acid or D-lactic acic with glycolic acid or hydroxycaproic acid. The low temperature 
thermoplastic lactic acid-base polymer which is a material of web of filaments composed of the above low 
temperature thermoplastic lact.c acid-base polymer can be prepared by dehydrating polycondensation or 
ring-opening polymerization using a monomer composition almost equal to the polymer composition. For 
example, poly (DL-lacttc acid) having L-lactic add unit and D-lactic acid unit in a mol ratio of 1:4 is prepared 
by carrying out dehydrating polymeezation of a mixture composed of 20 mol% of L-lactic acid and 80 mol 
% of D-lactic acid, or by carrying out ring-opening copolymenzation of a mixture composed of 20 mol % of 
L-lactic acid 80 mol % of D-tactide A D-lactic aad/hydroxycaproic acid copolymer having 30 mol % of 
hydroxycaproic acid unit can be prepared by carrying out dehydration polycondensation of a mixture 
composed of 70 mol % of D-lactic acid and 30 mol % of hydroxycaproic acid or by carrying out ring- 
opening copolymenzation of a mature composed of 70 mol % of D-lactic and 30 mol % of < -caprolactone. 

In the above process (1), filaments composed of the lactic acid-base polymer used for the primary web 
is preferably stretched and heat treated. Thereby, strength of the non-woven fabric increases, and hence, 
shrine and wrincle do not cause with ease. 

In the above process (2), filaments composed of the lactic acid-base polymer used for the primary web 
is preferably stretched and heat treated before mixing with filaments composed of the low temperature 
thermoplastic lactic acid-base polymer Thereby, the low temperature thermoplastic lactic acid-base 
polymer filament alone can be molten in a compression temperature range of from room temperature to 70 
*C in hot-pressing a web mixture 

In any of the above processes (i) and (2), low compression temperature decreases fusion bonding 
ability between the filaments and high compression temperature leads to make a rigid sheet. Thus flexible 
non-woven fabric having good drape is difficult to obtain In view of these circumstances, the compression 
temperature is preferably tn the above range. Compression pressure is preferably in the range of 1.1-200 
kg/cm 2 in any of the above processes. 

The heat compression temperature can be reduced by incorporation of the web of filaments composed 
of the low temperature thermoplastic lactic acid-base polymer. The web of filaments of low temperature 
thermoplastic lactic acid-base polymer alone can be fused without melting the primary web and thus there 
is an advantage that the non-woven fabric obtained is very flexible and has good drape. 

The filament of the low temperature thermoplastic lactic acid-base polymer can be spin and converted 
to web by the same process as the preparation of the above primary web When too much amount of the 
web of filaments of the low temperature thermoplastic lactic acid-base polymer is added, the resulting non 
woven fabric becomes rigid and the strength of the fabric tends to decrease. In view of these cir- 
cumstances, the amount of the filaments of the low temperature thermoplastic lactic-acid base polymer is 
preferably in the range of 10 -60 wt%, more preferably 20-40 wt% for the total amount of the overall 
filaments. 

In the above process (2). the non-woven fabric can be prepared by moing webs as shown above, or the 
non-woven fabric can be prepared by mixing the filaments used for the primary web with the filaments 

composed of the low temperature lactic acid base polymer, forming webs from the filaments and bonding 
the constituent filaments 

The lactic acid-base polymer of the above composition from which filaments arc obtained can be 
plasticized with ease by piasticizers Consequently, plasticizers are preferably added to the lactic acid-base 
polymer m order to obtain non-woven fabrics having further improved drape and flexibility Plasticizers 
which can be used include, for example, di-n-ociyl phthalate, di-2-ethyl-hexyl phthalate, dibenzyl phthalate. 
dnsodecyt phthalate nitnderyi phthalate. diundecyl phthalate, dnsooctyl phthalate and other phthalate 
derivatives, dt-n-tutyl ad pa*o a-, tyl adipate anl otner adipate derivatives, di-n-maleate and other maleato 
derivatives, tn-n-butyl citrate an .1 ' trior citrate derivatives, monobutyi itaconate and other itaconate deriva- 
tives, butyl oleate and either oloato derivatives, glycerol mononcmoleate and other ncmoleate derivatives 
tricresyl phosphate, tnxylenyl phosphate and other phosphate derivatives, glycerol triacetate (tnacetm) and 
other acetate derivatives; lactic acid oligomers having polymerization degree of 2-10, and polyethylene 
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adipato, poiyacrylato and other polymer plasticizcrs. Preferred plasticizers are tnacetin and lactic acid 
oligolnors having polymerization degree of 2-10. Amount of these plasticizers is preferably 1-35 wt%, more 
preferably 5-15 wt% for the amount of the lactic acid-base polymer. 

According to the information of the present inventors, the lactic acid base polymer leads to evidently 
faster strength reduction in outdoor use as compared with uses in a house, dark place or living body, and 
embrittloment, rupture and other phenomena develop earlier than expected. In order to inhibit these 
unfavorable phenomena, ultraviolet absorbers and light stabilizers are preferably added to the lactic acid- 
base polymer which is a principal component of the fundamental filament used of the degradable non- 
woven fabric of the invention. 

Ultraviolet absorbers absorb ultraviolet rays of 250-380 nm wave length which has destructively high 
energy and reradiate after shifting the rays to a non-destructive wave length. Light stabilizers not always 
absorb ultraviolet rays and inhibit light decomposition of a material through some mechanism such as non- 
radical decomposition of hydroperoxide, a photo-deterioration initiator, or capturing and removal of a radical 
generated by photo-decomposition. In some cases, ultraviolet absorbers cannot be evidently distinguished 
from light absorbers. 

Exemplary ultraviolet absorbers and light stabilizers which can be used in the invention include phenyl 
salicylate, p-tert-butylphenyl salicylate and other salicylate derivatives; 2,4-dihydroxybenzophenone, 2- 
hydroxy-4-methoxybenzophenone, 2,2'-dihydroxy-4-methoxybenzophenone and other benzophenone de- 
rivatives; 2-(2'-hydroxy-5'-methylphenyl) benzotriazole, 2-(2'-hydroxy-3\5 , -di-tert-butylphenyl)benzotnazole, 
2-(2'-hydroxy-3'-tert-butyl-5'-methylphenyl)-5-chlorobenzotriazole,2-(2 , -hydroxy-3',5'-di-tert-butylphenyl)-5- 
chlorobenzotriazole, 2- 2'-hydroxy-5'-tert-octylphenyl)benzotriazole and other benzotriazole derivatives; or- 
ganic nickel light stabilizers, organic and inorganic barium, sodium or phosphorus complexes, semicar- 
bazone light stabilizers and zinc oxide base ultraviolet stabilizers known as trade mark SANSHADE. 

Synergistic stabilizers which can be used in the invention include, for example, bis(2,2,6,6-tetramethyl- 
4-piperidyl)sebacate, bis(1 ,2,2 1 6,6-pentametfiyl-4-pipendyt)sebacate, dimethyl-1 -(2-hydroxyethyl)-4-hydroxy- 
2,2,6,6-tetramethylpiperidine succinate polycondensate, poly [6-(1 ,1 ,3,3-tetramethylbutyl)immo-1 ,3,5-triazine- 
2,4-di-y!][(2,2,6 ) 6-tetramethyl-4-piperidyl)imino] hexamethylene[(2,2,6 ,6-tetramethyl-4-piperidyl)imino], con- 
densation product of butanetetracarboxyltc acid and 1 ,2,2,6, 6-pentamethyl-4-piperidinol and tridecyl alsohol, 
condensation product of 1 ,2,3,4-butanetetracarboxylic acid and 2,2,6,6-ettramethyl-4-piperidinol and tridecyl 
alcohol, condensation product of 1 ,2,3,4-butanetetracarboxyhc acid and 2,2,6, 6-tetramethyl-4-piperidinol and 
& ,0 ,/3' - tetrametyl-3,9-[2,4,8,10-tetraoxaspiro(5 l 5)undecane]diethanol, 1 ,2,2,6,6-pentamethyl-4-piperidyl 
methacrylate, 2,2,6,6-tetramethyl-4-piperidyl methacrylate and other hindered amines. 

When the amounts of ultraviolet absorbers and/or light stabilizers used in the invention are reduced, the 
effect for inhibiting deterioration of the non-woven fabric is decreased in outdoor use. On the other hand, 
increased amounts of these additives are liable to impair essential characteristics of the lactic acid-base 
polymer. In view of these circumstances, the amounts of ultraviolet absorbers and or light stabilizers are 
preferably 0.001-5 wt%, more preferably 0.01-2 wt% for the amount of the lactic acid-base polymer. 

Mixing of the ultraviolet absorbers and/or light stabilizers with the lactic acid-base polymer is carried out 
by dissolving the lactic acid-base polymer in a solvent such as chloroform, methylene chloride, benzene, 
toluene, xylene, dimethyl formamide, dimethyl sulfoxide and dimethyl imidazol idinone or by heat melting 
the lactic acid-base polymer at 100-280 °C and mixing the polymer with a prescribed amounts of the 
ultraviolet absorbers and/or light stabilizers. 

The filament composed of the lactic acid-base polymer used in the invention can be prepared from the 
lactic acid-base polymer alone, a composition obtained by blending the lactic acid-base polymer with 
plasticizers, ultraviolet absorbers and light stabilizers, and additionally from a composition obtained by 
blending the lactic acid-base polymer with heat stabilizers, lubricants and antioxidants, when desired. 

E- ample 

The invention will hereinafter be illustrated further in detail by way of examples. The ratio of the L-lactic 
acid unit to the D-lactic acid unit in polylactic acid and the ratio of the lactic acid unit to other 
hydroxyc arboxylic acid units are determined by the following method. 

Method for measuring L-lactic acid/D-lactic acid ratio: 

The polymer was hydrolyzed by maintaining in a 5 N aqueous sodium hydroxide solution at 60 *C for 
10 hours. L-lactic acid in the resulting solution was subjected to the action of L-lactic acid hydrogenase and 
nicotinamide adenine dinucleotide (hereinafter simply referred to as NAD). NADH which is a reduced form 

ft 
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of NAD generated with oxidation of lactic acid to pyruvic acid The amount of L- tactic acid was determined 
by an absorbance analysis of NADH The amount of D-lacttc acid was similarly determined by action of D- 
lactic acid dehydrogenase and NAD. The ratio of L-lactic acid to D-tactic acid was calculated from these 
amounts Additionally, it was confirmed that tactic acid did not cause racemization by maintaining L-lactic 
acid itself in a 5 N aqueous sodium hydroxide solution for 10 hours. 

Method for measuring lactic acid/carboxy acids ratio: 

The copolymer was dissolved in chloroform deutende and a nuclear magnetic resonance spectrum was 
measured. The ratio was determined by the ratio of intensity due to the structure of both units 

[Preparation examples of lactic acid base polymer] 

Preparation Example 1 

To a glass reaction vessel having a silane-treated surface, L-lactide, lauryl alcohol as a molecular 
weight regulating agent and stannous octoate as a catalyst were individually charged in amounts illustrated 
in Table 1 and dried for 24 hours by deaerating the vessel under reduced pressure. The reaction vessel 
was sealed under reduced pressure and polymerization was carried out for a prescribed time by heating to 
the temperature illustrated in Table 1. After finishing the reaction, the reaction product was dissolved in 20 
times by weight of chloroform, and successively the resulting chloroform solution was poured into 5 times 
by weight of the chloroform of hexane. 

Precipitated polymer was filtered and dried to obtain polylactic acid P-1. Molecular weight of P-1 was 
measured by gel permeation chromatography using chloroform as a solvent (hereinafter referred to as GPC) 
and calculated by using polystyrene as reference. 

Melting point and glass transition temperature (Tg) of P-1 were measured by using a differential 
scanning calorimeter (DSC). Polymerization conditions of P-1, molecular weight of P-1, ratio of the L-lactic 
acid unit to the D-lactic acid unit (hereinafter referred to as copolymer composition), melting point and glass 
transition temperature (Tg) are illustrated in Table 1. 

Preparation Examples 2-7 

The same procedures as described in Preparation Example 1 were carried out except that L-lactide, 
DL-lactide having a D-isomer/L-isomer mol ratio of 50/50, and/or caprolactone, lauryl alcohol as a molecular 
weight regulating agent and stannous octoate as a catalyst were charged respectively in amounts illustrated 
in Table 1 and reacted at polymerization temperature illustrated in Table 1 for a time illustrated in Table 1. 
Thus, lactic acid-base polymers P-2-P-7 were obtained. Molecular weight, proportion of L-lactic acid unit, 
D-lactic acid unit and other hydroxycarboxylic acid units (hereinafter referred to as copolymer composition), 
melting point and Tg were measured on P-2-P-7 by the same method as Preparation Example 1. 
Polymerization conditions and measured results are illustrated in Table 1. 
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Preparation Example 8 

50 To a reactor, L-lactic acid was charged in an amount illustrated in Table 2 and water distilled out by 

heating with stirring at 150"C for 3 hours under reduced pressure of 50 mmHg. Successively 0.06 part by 
weight of tin powder was added and further heated with stirring at 150 *C for 2 hours under reduced 
pressure of 35 mmHg to obtain an oligomer. To the oligomer, 0.29 part by weight of tin powder and 21 1 
parts by weight diphenyl ether were added and an azeotropic dehydration reaction was carried out at 150 

55 *C under reduced pressure of 35mm Hg. Distilled water was separated from the solvent in a water 
separator and the solvent alone was returned to the reactor. After two hours, the organic solvent was 
changed to return to the reactor after passing through a column packed with 46 parts by weight of 
molecular sieve 3A and the reaction was further continued at 150'C for 40 hours under reduced pressure 
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of 3b mmHg to obtain a polylactic acid solution 

To the solution, 440 part? by weight of dned diphenyl ether were added and cooled to 40 °C 
Precipitated crystals were filtered, washed three times with 100 parts by weight of n-hexane and dried at 60 
*C under 50 mmHg. The powder thus obtained was mixed with 120 parts by weight of a 0.5 N aqueous 
hydrochloric acid solution and 120 parts by weight of ethanol. The mixture was stirred for an hour at 35 "C 
and dried at 60 ■ C under reduced pressure of 50 mmHg to obtain a lactic acid-base polymer P-8. Molecular 
weight, copolymer composition, melting point and Tg of the lactic acid-base polymer thus obtained were 
measured by the same method as Preparation Example 1. Results are illustrated in Table 2. Although the 
raw material used was L-lactic acid alone, the polymer thus obtained contained 1 % of D-lactic acid unit. 

Preparation Examples 9-10 

Lactic acid-base polymers P-9 and P-10 were prepared by carrying out the same procedures as 
described in Preparation Example 8 except that L-lactic acid, DL-lactic acid having a D-isomer/L-isomer mol 
ratio ratio of 50/50 and/or glycolic acid were used as illustrated in Table 2. Molecular weight, copolymer 
composition, melting point and Tg were measured by the same method as Preparation Example 1. Results 
are illustrated in Table 2. 



Table 2 





Preparation Example 


8 


9 


10 


Lactic acid-base polymer 


P-8 


P-9 


P-10 


L-lactic acid 


(wt part) 


100 


70 


90 


DL-lactic acid 


(wt part) 




30 




Glycolic acid 


(wt part) 






10 


Molecular weight 


(> 1000) 


110 


113 


108 


Copolymer composition (mol %) 


L-lactic acid unit 


99 


84 


87 


D-lactic acid unit 


1 


16 


0 


Glycolic acid unit 


0 


0 


13 


Tg 


CC) 


50 


49 


49 


Melting point 


CC) 


165 


110 


139 



[Preparation example of plasticizer] 
Preparation Example 11 

To a reaction vessel, 1.8 kg of L-lacttde and 1.0 kg of an aqueous tactic acid solution having a 
concentration of 87 % by weight were charged and heated at 100*C for 2 hours. The reaction mixture was 
cooled to room temperature. A viscous transparent liquid was obtained The oligomer thus obtained was 
dissolved in chloroform and molecular weight distribution was measured by gel permeation chromatog- 
raphy The reaction product obtained contained lactic acid and oligomer and had an average polymerization 
degree of 2.8, which is hereinafter referred to as LA-o!igomer 

Examples 1-7 and Comparative' Examples 1-6 

Lactic acid-base polymers P-1-P-6 and P-8-P-10 which were obtained in Preparation Examples 1-6 
and 8-10 were respectively blended with marketed tnacetm or LA-oligomer obtained m Preparation 
Example 1 1 as a plasticizer, and 2-(2 , -hydroxy-5'-methylphenyl) benzotnazole as an ultraviolet absorber m 
an amount illustrated in Table 3 and Table 4 Each composition thus obtained was individually spun by 
extruding with a screw type small extruder under conditions illustrated in Table 3 and Table 4 

1 1 



EP 0 597 427 A1 



In Comparative Example 1, spinning was tried under the same conditions as Example 1. However, the 
polymer was packed in the extruder and spinning was impossible. 

The lactic acid-base polymer filaments thus obtained were respectively collected on a screen to form a 
random web and compressed with hot rolls under the conditions illustrated in Table 3 and Table 4 to obtain 

5 a degradable non-woven fabric. 

The degradable non-woven fabric thus obtained has residua! appearance of filaments and maintains a 
cloth like shape which evidently differs from a film obtained by melt processing. The non-woven fabric was 
neither split nor got out of shape even though the surface and the back of the fabric were individually 
grasped by fingers of both hands and pulled to the direction perpendicular to the fabric surface. 

io The non-woven fabrics having dimensions of 10x10 cm which were obtained in Examples 1-2 and 5-7 

and Comparative Examples 2-3 and 5-6 were respectively inserted between two iron plates having a 
thickness of 5 mm and subjected to heat treatment for 10 minutes at the temperature illustrated in Table 3. 
As a result, the non-woven fabric obtained in the examples caused no shrinking or deformation. On the 
other hand, the non-woven fabric obtained in the comparative examples developed shrinking and deforma- 

75 tion and also had structural change due to softening and melting. 

Non woven fabrics with and without heat treatment were cut into dimensions of 1x10 cm and measured 
strengths at break by using a tensile tester with a chuck distance of 4 cm at a pulling rate of 10 cm/min the 
room temperature. Rate of strength improvement (%) was calculated by dividing the tensile strength at 
break of heat treated fabric by the tensile strength at break of untreated fabric. Results obtained are 

20 illustrated in Table 3 and Table 4. 

Evaluation of appearance of non-woven fabric: 

The same appearance evaluation as the above was carried out just after production and after allowing to 
25 stand outdoors for 1 month. The non woven fabric which was neither split nor got out of shape when the 
surface and the back of the fabric were individually grasped by fingers of both hands and pulled to the 
direction perpendicular to the fabric surface was evaluated as good. Results are illustrated in Table 3 and 
Table 4. 

30 Evaluation of degradability of non-woven fabric: 

Non-woven fabric obtained was buried in soil for 18 months. Thereafter the fabric was dissolved in 
chloroform and the molecular weight was measured by GPC method using polystyrene as reference. 
Molecular weights before and after burying were measured and a molecular weight retention rate was 
35 calculated by the following equation to evaluate degradability. 

DW (%) = 100 WiAA/o 

where 

40 DW : molecular weight retention rate (%) 
W 0 : molecular weight before burying 
Wi : molecular weight after burying for 18 months in soil. 
Results are illustrated in Table 3. 

Mark * in Table 3 indicates that molecular weight measurement was difficult because of violent 
45 degradation of the fabric. 
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Spinning Examples 1 ~6 

Lactic acid-base polymers P-2 and P-5-P-9 which were obtained in Preparation Example 2 and 5-9 
were individually blended with 2-(2'-hydroxy-5'-methylphenyl) benzotriazole as an ultraviolet absorber in an 
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amount illustrated m Table 5 Each mixture was respectively spun by melt extruding through a screw type 
small extruder under conditions illustrated m Table 5 to obtain lactic acid-baso polymer filaments F-1 ~F-6 
In Sinning E>amp1es 1-3, delivered filaments were stretched with a continuous stretching machine and heat 
treated by continuously passing between hot plates at a prescribed temperature. Stretching conditions and 
heat treating conditions are illustrated in Table 5 

Table 5 





Spinning Example 


1 


2 


3 


4 


5 


6 


Filament No. 


F-1 


F-2 


F-3 


F-4 


F-5 


F-6 


Lactic acid-base polymer 


P-2 


P-8 


P-9 


P-6 


P-5 


P-7 


UV absorber (wl %) 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


Spinning temperature (*C) 


160 


210 


140 


160 


160 


140 


Stretching temperature ('C) 


80 


80 


80 








Stretching ratio (times) 


4 


4 


3 








Heat treatment temperature ( * C) 


100 


100 


90 









Examples 8-10 

Filaments F-1 -F-3 which were obtained in Spinning Examples 1-3 using the lactic acid-base polymer 
were cut into short filaments having a length of about 5 cm. Filaments F-4-F-6 which were obtained in 
Spinning Examples 4-6 using the low temperature thermoplastic lactic acid-base polymer were cut into 
short filaments having a length of about 4 cm. One of the filaments of the lactic acid-base polymer was 
mixed with one of the filaments composed of the low temperature thermoplastic lactic acid-base polymer in 
a ratio by weight illustrated in Table 6 and stirred to form a random web The web obtained was 
successively hot pressed under conditions illustrated in Table 6 to obtain a degradable non-woven fabric. 

Properties of the non-woven fabric thus obtained were evaluated by the same method as Example 1. 
Results are illustrated in Table 6. 



Table 6 





Example 


8 


9 


10 


Lactic acid-base polymer filament 


Filament No. 


F-1 


F-2 


F-3 


Amount (wt %) 


65 


72 


69 


Low temperature thermoplastic 
lactic acid-base polymer filament 


Filament No. 


F-4 


F-5 


F-6 


Amount (wt %) 


35 


28 


31 


Press temperature 


CC) 


60 


65 


60 


Press pressure 


(kg/cm 2 ) 


10 


10 


10 


Appearance of non-woven fabric 


Just produced 


good 


good 


good 


After 1 month outdoors 


good 


good 


good 


Molecular weight retention rate (%) 


33 


58 




* Molecular weight measurement was difficult due to violent degradation. 
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Example 1 1 

The lactic acid-base polymer filaments F-2 obtained in Spinning Example 2 were cut into short 
filaments of about 4 cm in length and stirred to form a random web. The web was thereafter lightly pressed 
5 with an embossing roll having a weave pattern like engraving at a roll surface temperature of 100 "C and 
wound up. The wound up non-woven fabrics were bonded each other by needle punching alternately 6 
times on both surface with a needle depth of 11 mm and needle density of 30 P/cm 2 . The degradable non- 
woven fabric thus obtained had interlocked filaments and good properties. The fabric did not develop 
deformation such as shrinking and wrinkles even after allowing to stand outdoors for a month. The non- 
70 woven fabric was effectively degraded after burying in soil for 18 months. Molecular weight retention rate 
was 72 %. 

Comparative Example 7 

75 A marketed needle punch type non-woven fabric TAFNEL PA-4021 (Trade Mark of Mitsui Petro 

Chemical Industry Co.) was buried in soil for 18 months and thereafter dissolved in dichlorobenzene and 
measured a molecular weight retention rate by the same method as Example 1. The molecular weight 
retention rate was 98 % and almost no degradation was found. 

This may be practiced or embodied in still other ways without departing from the spirit or essential 

20 character thereof. 

However, these examples are not intended to limit the scope of the present invention. This may be 
practiced or embodied in still other ways without departing from the spirit or essential character thereof. 

Claims 

25 

1. A degradable non-woven fabric obtained from an web of filaments composed of a lactic acid-base 
polymer comprising one or more lactic acid-base polymers (polymer A) selected from poly(DL-lactic 
acid) having more than 80 mol% of L-lactic acid units, poly(DL-lactic acid) having more than 80 mol% 
of D-lactic acid units, L-lactic acid/hydroxycarboxyl ic acid copolymer having 70 mol% or more of L- 

30 lactic acid units, and D-lactic acid/hydroxycarboxylic acid copolymer having 70 mol% or more of D- 

lactic acid units. 

2. A degradable non-woven fabric of claim 1 wherein the filaments composed of the lactic acid-base 
polymer are a mixture of filaments comprising filaments of the polymer A and filaments obtained from 

35 one or more low temperature thermoplastic lactic acid-base polymers (polymer B) selected from poly- 

(DL-lactic acid) having from 1:4 to 4:1 in the mol ratio of L-lactic acid units to D-lactic acid units, a DL- 
lactic acid/hydroxycarboxylic acid copolymer, L-lactic acid/hydroxycarboxylic acid copolymer having 30 
mol% or more of hydroxycarboxylic acid units, and D-lactic acid/hydroxycarboxylic acid copolymer 
having 30 mol% or more of hydroxycarboxylic acid units. 

40 

3. A degradable non-woven fabric of any of the claims 1 to 2 wherein, in the polymer A, the L-lactic 
acid/hydroxycarboxylic acid copolymer is one or more lactic acid-base polymers selected from an L- 
lactic acid/glycolic acid copolymer, L-lactic acid/hydroxycaproic acid copolymer and a mixture of these 
copolymers, and the D-lactic acid/hydroxycarboxylic acid copolymer is one or more lactic acid-base 

45 polymers selected from a D-lactic acid/glycolic acid copolymer, D-lactic acid/hydroxycaproic acid 

copolymer and a mixture of these copolymers. 

4. A degradable non-woven fabric of claim 2 wherein, in the polymer B, the DL-lactic 
acid/hydroxycarboxylic acid copolymer is one or more lactic acid-base polymers selected from a DL- 

50 lactic acid/glycolic acid copolymer. DL-lactic acid/hydroxycaproic acid copolymer, and a mixture of 

these copolymers, the L-lactic acid/hydroxycarboxylic acid copolymer is one or more lactic acid-base 
polymers selected from a L-lactic acid/glycolic acid copolymer. L-lactic acid/hydroxycaproic acid 
copolymer and a mixture of these copolymers, and the D-lactic acid/hydoxycarboxylic acid copolymer 
is one or more lactic acid-base polymers selected from a D-lactic acid/glycolic acid copolymer, D-lactic 

55 acid/hydroxycaproic acid copolymer and a mixture of these copolymers. 

5. A degradable non-woven fabric of claim 2 wherein the amount of the filament obtained from the 
polymer B is from 10 to 60 wt% for the total amount of filaments. 
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6 A degradable non-woven fabric of claim 2 wherein the filaments obtained from the polymer A aru 
heated-fused or-compressed-bonded by the filaments obtained from the polymer B 

7. A degradable non-woven fabric of claim 6 wherein the heat-fusion is earned out by hot-pressing at 
s temperature from room temperature to 70 *C under the pressure of from 1.1 to 200 kg'cnrv. 

8. A degradable non-woven fabric of claim 1 wherein the lactic acid-base polymer has a molecular weight 
of from 10,000 to 1,000,000. 

w 9. A degradable non-woven fabric of claim 1 wherein the lactic acid-base polymer is prepared by 
dehydration polycondensation. 

10 A degradable non-woven fabric of any of the claims 1 to 9 wherein the filaments obtained from the 
polymer A and/or the filaments obtained from the polymer B comprise one or more additives selected 
1$ from a plasticizer, ultraviolet absorber and light stabilizer. 

11. A preparation process of a degradable non-woven fabric obtained from an web of filaments composed 
of a lactic acid-base polymer comprising one or more lactic acid-base polymers (polymer A) selected 
from poly(DL-lactic acid) having more than 80 mot% of L-lactic acid units, poly(DL-lactic acid) having 

20 more than 80 mol% of D-lactic acid units. L-lactic acid/hydroxycarboxylic acid copolymer having 70 

mol% or more of L-lactic acid units, and D-lactic acid/hydroxycarboxylic acid copolymer having 70 
mot% or more of D-lactic acid units. 

12. A preparation process of a degradable non-woven fabric of claim 11 wherein the web of filaments is as 
25 defined in any of the claims 2 to 10. 

13. A preparation process of a degradable non-woven fabric of claim 11 or 12 wherein the filaments 
obtained from the polymer A are stretched and heat-treated. 

30 14. A preparation process of a degradable non-woven fabric of claim 11 or 12 where in the filaments 
obtained from the polymer A are stretched and heat-treated and thereafter mixed with the filaments 
obtained from the polymer B. 
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